In lantibiotic lacticin 481 biosynthesis, LctT cleaves the precursor peptide and exports mature lantibiotic. Matrix-assisted laser desorption ionization-time of flight mass spectrometry revealed that a truncated form of lacticin 481 is produced in the absence of LctT or after cleavage site inactivation. Production of truncated lacticin 481 is 4-fold less efficient, and its specific activity is about 10-fold lower.
In lantibiotic lacticin 481 biosynthesis, LctT cleaves the precursor peptide and exports mature lantibiotic. Matrix-assisted laser desorption ionization-time of flight mass spectrometry revealed that a truncated form of lacticin 481 is produced in the absence of LctT or after cleavage site inactivation. Production of truncated lacticin 481 is 4-fold less efficient, and its specific activity is about 10-fold lower.
Lacticin 481 is a lactococcal antimicrobial peptide (bacteriocin) of the lantibiotic family (6) . This peptide is the most extensively studied member of a lantibiotic subgroup named the lacticin 481 group (23) . The unusual residues of lacticin 481 ( Fig. 1 ) are obtained by posttranslational modifications of LctA, the precursor peptide encoded by the structural gene lctA (16, 19) . In addition to lctA, the lacticin 481 operon includes the five genes lctMTFEG (7, 19, 20) . Similar genes, collectively named lanAMTFEG, were found in the operons for lantibiotics of the lacticin 481 group (2, 14, 15) . The functions of the lctM and lctFEG products were experimentally determined: LctM creates the unusual residues in LctA (25, 27) , and LctFEG constitutes an immunity system protecting the lacticin 481 producer strain against its own lantibiotic (20). The functions of the proteins encoded by lanT genes of the lacticin 481 group were deduced from their similarities to ATP-binding cassette (ABC) transporters possessing an N-terminal protease domain. These transporters display the dual function of cleaving the leader peptide and exporting bacteriocins possessing double-glycine-type leader peptides (9, 11) . Such leader peptides contain the residues GG, GS, or GA at positions Ϫ2 and Ϫ1 relative to the cleavage site (11, 14) . Precursor cleavage and lantibiotic export should be essential steps in lantibiotic production. Consistently, inactivation of mutT (the lanT gene of the operon for mutacin II, a lacticin 481-related lantibiotic) abolished mutacin II production (2) . By contrast, we observed that LctT is dispensable for lacticin 481 production (19) . Here, we characterized the antimicrobial peptide produced when preventing maturation by LctT.
LctT is necessary for high-level production of lacticin 481. To examine more precisely the involvement of LctT in lacticin 481 production, we assayed the antimicrobial activities secreted by Lactococcus lactis IL1403 bearing various combinations of lct genes (Fig. 2) . The activities were 40-fold lower when lctT was absent (pEB754 and pEB782 versus pEB200). Whereas lctAM could be expressed without lctFEG (pEB754, pEB1012), lctAMT constructions (pEB142, pEB1005) were toxic to L. lactis IL1403, even when transcription of the lct genes was reduced by inactivation of promoter P3 (pEB1005). High-level production of extracellular lacticin 481 activity thus requires LctT and the immunity system LctFEG.
Lacticin 481 is produced in a truncated form (T-lacticin 481) when LctT is unable to process its precursor. To examine the location of the cleavage site in the absence of LctT, we determined the mass of the lantibiotic by matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) performed on whole bacteria grown on a plate (12) . When L. lactis IL1403 contained lctAMTFEG, lacticin 481 yielded a peak cluster (Fig. 3A , cluster a) with three peaks at m/z 2,902, 2,924, and 2,940 (mass/charge ratio, where z is usually 1). These peaks are due to the molecular ion [M ϩ H] ϩ and to the adduct ions [M ϩ Na] ϩ and [M ϩ K] ϩ of lacticin 481, respectively (12) . Without lctT (pEB782), a major peak cluster was detected ( (Fig. 1) . This peptide is a product of the lctAMFEG genes since it was not observed on spectra obtained from L. lactis IL1403 (12) or IL1403(pBS-pIL253) (data not shown). Wild-type lacticin 481 was not detected in the absence of LctT since no peak appeared in the m/z range of 2,902 to 2,940 in Fig. 3B . By contrast, L. lactis IL-1403(pEB200) produced a small amount of T-lacticin 481 (Fig. 3A, cluster b) . The absence of LctT thus prevents the cleavage of LctA at its normal site and the major peptide produced is then T-lacticin 481.
To prevent normal processing of LctA in the presence of LctT, we inactivated the LctA cleavage site by replacing the glycine at position Ϫ2 with alanine (Fig. 1) . This mutation was chosen because G-2 is conserved in the leader peptides of bacteriocins processed by ABC transporters (11, 14) and the G-2A mutant of premutacin II was neither cleaved nor secreted (3). Site-directed mutagenesis was performed on pTH999 (Table 1) with the Altered Sites in vitro mutagenesis system (Promega) and the oligonucleotide CCTTATTTTAG CTGCAAAAGGCG. The mutated lctA gene was cloned into pEF⌬MTFEG as previously described (12, 13) , and the resulting plasmid was fused to pIL253, creating pSD57. A low level of antimicrobial activity was produced by IL1403(pSD57) (Fig.  2) , and the MALDI-TOF mass spectrum of this strain (Fig.  3C ) was similar to that of IL1403(pEB782) (Fig. 3B) . Inactivating the LctA cleavage site and deleting lctT therefore had the same overall effect and led to the predominant production of T-lacticin 481, experimentally showing that LctT is responsible for specific LctA cleavage. The IL1403(pSD57) spectrum includes minor peak cluster a (Fig. 3C) , indicating that the G-2A mutation did not completely prevent wild-type lacticin 481 production. This could explain why the antimicrobial activity of IL1403(pSD57) was twice that of IL1403(pEB782).
Comparison of the amounts of wild-type lacticin 481 and T-lacticin 481 produced. Supernatants from liquid cultures were analyzed by MALDI-TOF MS as previously described (12) . Whereas lacticin 481 was detected from supernatants diluted up to fourfold, T-lacticin 481 was detected only from undiluted supernatants, indicating that the amount of lacticin 481 secreted is four times that of T-lacticin 481. This estimation was verified by mixing supernatants: clusters a and b were observed at comparable intensities when IL1403(pEB754) and IL1403(pEB200) culture supernatants were mixed at a 4:1 ratio (Fig. 4) . The extracellular production of the antimicrobial peptide is thus fourfold less efficient in the absence of LctT. Since IL1403(pEB754) produced a maximal antimicrobial activity 40-fold lower than that of IL1403(pEB200) (Fig. 2) , the specific activity of T-lacticin 481 is about 10-fold lower than that of lacticin 481. Although the N-terminal lysine is not essential to lacticin 481 activity (27) , it would have been surprising if lacticin 481 could retain its full biological activity without its five N-terminal residues (Fig. 1) .
LctA cleavage in the absence of LctT is not due to HtrA. It is unlikely that an ABC transporter with a protease domain is involved in T-lacticin 481 production, since such a protease would use a double-glycine site. Consistently, the LcnC homologue encoded by L. lactis IL1403 (26) is not responsible for T-lacticin 481 production (24) . The cleavage and export leading to T-lacticin 481 production thus likely rely on distinct enzymes. The L. lactis IL1403 genome encodes numerous ABC transporters devoid of a protease domain (1) . As some of these transporters have broad substrate specificity (17), one of them could export LctA and/or T-lacticin 481. The maturation of subtilin, a lantibiotic of the nisin group (23), does not rely on a dedicated protease but is due to three extracellular proteases of Bacillus subtilis (5) . Similarly, the bacteriocin LsbA is secreted by L. lactis under its precursor form, which is then cleaved by HtrA (10) . Since HtrA is the unique surface housekeeping protease in L. lactis IL1403 (18) , it could be involved in LctA processing if the latter is first secreted. We examined this hypothesis by introducing pEB782 (lctAMFEG) into IL-1403 htrA mutant strain VEL8702 (8, 18) . The MALDI-TOF mass spectrum of the resulting strain was very similar to that of IL1403(pEB782) (Fig. 3B) , showing that HtrA is not responsible for LctA cleavage in the absence of LctT. Furthermore, we failed to inhibit the cleavage by including protease inhibi- tors in solid medium before growing IL1403(pEB782). In cytoplasmic extracts of this strain, low-intensity peaks likely due to T-lacticin 481 were detected by MALDI-TOF MS (data not shown), supporting an alternative model in which LctA is cleaved intracellularly.
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